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SUMMARY 


Several wing-body combinations having wings suitable for supersonic 
interceptor-type aircraft have been investigated at large Reynolds num- 
bers and low Mach numbers. Nine wing -body combinations were tested 
having wing aspect ratios of 2, 3> and 4, and including triangular, 
trapezoidal, and swept-back plan forms. The lift, drag, and pitching 
moment of the models having wings of aspect ratio 2 are presented for 
Reynolds numbers from 4.9 million to 16.6 million at a constant Mach 
number of 0.25. The characteristics for the models having wings of 
aspect ratios 3 and 4 are presented for Reynolds numbers from approxi- 
mately 2.4 million to 10.6 million at a constant Mach number of 0.25. 

A comparison of the characteristics measured in both the Ames 12-foot 
pressure wind tunnel and the Ames 6- by 6-foot supersonic wind tunnel at 
a Mach number of 0.60 and a Reynolds number of 4.9 million for the models 
having wings of aspect ratio 2 and approximately 2.4 million for the 
models having wings of aspect ratios 3 and 4 is included. 


INTRODUCTION 


A research program is in progress at the Ames Aeronautical Labora- 
tory to ascertain experimentally, at subsonic and supersonic Mach numbers, 
the characteristics of wings of interest in the design of high-speed 
fighter airplanes. Variations in plan form, twist, camber, and thickness 
are being investigated. The results published to date in this program 
are presented in references 1 through 13 . This report presents the low- 
speed, large Reynolds number characteristics of nine of the wings being 
investigated in this program. The characteristics of some of these nine 
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wings in the Mach number range from 0.60 to 1.70 have been published in 
reference 5 and references 7 through 12. In all cases the wings have 
been tested in combination with a body. As in references 1 through 13, 
the data are presented herein without analysis to expedite publication. 


NOTATION 


b 


c 


c 


wing span, feet 


mean aerodynamic chord 


local wing chord, feet 



y 


feet 


1 


length of body including portion removed to accommodate sting, 
inches 


L 

D 


lift-drag ratio 



maximum lift -drag ratio 


M Mach number 

q free-stream dynamic pressure, pounds per square foot 

R Reynolds number based on mean aerodynamic chord 

r radius of body, inches 

r Q maximum body radius, inches 

S total wing area including the area formed by extending the lead- 

ing and trailing edges to the plane of symmetry, square feet 

x longitudinal distance from nose of body, inches 

y distance perpendicular to plane of symmetry, feet 

a angle of attack of the body axis, degrees 
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C D 

C 


m 


{ drag \ 

drag coefficient ( — — j 

pitching-moment coefficient about the 25-percent point of the 

/ pitching moment 

wing mean aerodynamic chord =■ 

\ <lSc 

lift coefficient ( 

V qS 


dC L 

da 

slope 

Of 


slope 

of 

dC L 



the lift curve measured at zero lift, 
the pitching-moment curve measured at 


per degree 
zero lift 


APPARATUS 

Wind Tunnel and Equipment 


The experimental investigation was conducted in the Ames 12-foot 
pressure wind tunnel and in the Ames 6- by 6-foot supersonic wind tunnel. 
In each wind tunnel the Mach number can be varied continuously and the 
stagnation pressure can be regulated to maintain a given test Reynolds 
number. The air in these tunnels is dried to prevent formation of con- 
densation shocks. Further information on these wind tunnels is presented 
in references 14 and 15. 

The models were sting mounted in each tunnel, the diameter of the 
sting being about 73 percent of the diameter of the body base for the 
models having wings of aspect ratio 2.0 and about 93 percent of the 
diameter of the body base for the remainder of the models. The pitch 
plane of the model support was vertical in the 12-foot wind tunnel and 
horizontal in the 6- by 6-foot wind tunnel. A balance mounted on the 
sting support and enclosed within the bodies of the models was used to 
measure the aerodynamic forces and moments on the models. The balance 
was the 4-inch-diameter, four -component, strain-gage balance described in 
reference 16. 


Model 


Photographs of typical models mounted on the sting support in the 
Ames 12 -foot pressure wind tunnel are shown in figure 1. The nine 
models had five different plan forms which are shown along with certain 
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model dimensions in figure 2. Other important geometric characteristics 
of the models are given in table I. 

The wings of the models were constructed of either solid steel or 
by covering a solid steel spar with a tin-bismuth alloy. The body spar 
was also steel but was covered with aluminum to form the body contours. 
The surfaces of the wing and body were polished smooth. 

Wings 2 and 3 were cambered and twisted to support a nearly ellip- 
tical spanwise distribution of load at a lift coefficient of 0.25 and a 
Mach number of 1.53* The amount of camber and twist incorporated in 
these wings and the method by which it was determined are presented in 
reference 8. 

The sharp leading edges of wings 4 and 8 were made elliptical to 
form wings 5 and 9» The details of the section modification are 
described in reference 10. 

The wings had neither dihedral nor incidence, and their root chords 
coincided with the longitudinal center line of the fuselage. 


TESTS AND PROCEDURES 
Range of Test Variables 


The characteristics of the models as functions of angle of attack 
were investigated in the Ames 12-foot pressure wind tunnel for a range 
of Reynolds numbers from 2.57 million per foot to 8.8l million per foot, 
at a constant Mach number of 0.25. Data were also obtained for a Mach 
number of 0.60 at a Reynolds number of 2.57 million per foot in both the 
12 -foot wind tunnel and the 6- by 6 -foot wind tunnel. 


Reduction of Data 


The test data have been reduced to standard NACA coefficient form. 
Factors which affect the accuracy of these results and the corrections 
applied are discussed in the following paragraphs. 

Tunnel-wall interference . - Corrections to the subsonic results 
for the induced effects of the tunnel walls, resulting from lift on 
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the model, were made according to the method of reference 17. The 
numerical values of these corrections (which were added to the uncor- 
rected data) were: 


Ax = A C L 

ac d = b c l 2 

12-foot wind tunnel 6- by 6-foot wind t unn el 

Wing No. A B A B 


1 

0.27 

0.0046 

0.93 

0.0162 

2 

.27 

.0046 

• 93 

.0162 

3 

.27 

.0046 

• 93 

.0162 

4 

.16 

.0028 

.57 

.0098 

5 

.16 

.0028 

• 57 

.0098 

6 

.16 

.0028 

• 55 

.0097 

7 

.16 

.0028 

• 55 

.0097 

8 

.16 

.0028 

• 59 

.0104 

9 

.16 

.0028 

• 59 

.0104 

corrections 

were made 

to the pitching-moment coefficients 


Tbe effects at subsonic speeds of constriction of the flow by the 
tunnel walls were taken into account by the method of reference 18. The 
correction was calculated for conditions at 0° angle of attack and was 
applied throughout the angle -of -attack range. In the 6- by 6-foot wind 
tunnel at a Mach number of 0.60 this correction amounted to less than a 
0.9 percent increase in the Mach number and in the dynamic pressure over 
that determined from a calibration of the wind tunnel without a model in 
place. At Mach numbers of 0.25 and 0.60 in the 12-foot wind tunnel this 
correction was so small that it was neglected. 

Stream variations .- In the test region of the 12-foot wind tunnel 
the stream inclination, determined from tests of a wing spanning the 
tunnel, is less than 0.08°. The longitudinal variation of static pres- 
sure in the region of the model is less than 0.9 percent of the dynamic 
pressure in this region. No correction for the effect of these stream 
variations was made. 

Tests of the models, normal and inverted, at subsonic speeds in the 
6- by 6-foot supgrsonic wind tunnel have indicated a stream inclination 
of less than 0.1 and a slight stream curvature in the pitch plane. 

No corrections were made to the data for the effects of these stream 
irregularities . No measurements have been made at subsonic speeds of the 
stream curvature in the yaw plane. At subsonic speeds, the longitudinal 
variation of static pressure in the region of the model is not known accu- 
rately at present, but a preliminary survey has indicated that it is 
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less than 2 percent of the dynamic pressure in this region* No correc- 
tion was made to the data for the effect of this pressure variation. 

Support interference .- At subsonic speeds, the effects of support 
interference on the aerodynamic characteristics of the models are not 
known. For the present tailless models, it is believed that such 
effects consisted primarily of changes in the pressure at the base of 
the models. In an effort to correct at least partially for this support 
interference, the base pressure was measured and the drag data were 
adjusted to correspond to a base pressure equal to the static pressure 
of the free stream. 


RESULTS 


The results are presented in this report without analysis in order 
to expedite publication. The variation of lift coefficient with angle 
of attack and the variation of drag coefficient, pitching -moment 
coefficient, and lift-drag ratio with lift coefficient at a Mach number 
of 0.25, and at Reynolds numbers from 2.57 million per foot to 
8.8l million per foot, are shown in figures 3 through 11. There are 
presented in figures 12 through 20 data obtained in both the 6- by 6-foot 
wind tunnel and the 12-foot wind tunnel for the same models. These data 
were obtained at a Mach number of 0.60 and a Reynolds number of 
2.57 million per foot. The results presented in figures 3 through 11 
have been summarized in figures 21 and 22 to show some important 
parameters as functions of Reynolds number. The slope parameters have 
been measured at zero lift. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODELS 


Wing number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Aspect ratio 

2 

2 

2 

3 

3 

3 

3 

4 

4 

Taper ratio 

0 

0 

0 

0.4 

0.4 

0 

0.4 

0 

0 

Thickness distribution 
(streamwise) 

NACA 

0003-63 

NACA 

0005-63 

NACA 

0003-63 

3 percent 
thick, 
biconvex 

3 percent thick, 
biconvex, elliptic 
leading edge 

NACA 

0003-63 

3 percent 
thick, 
biconvex 

3 percent 
thick, 
biconvex 

3 percent thick, 
biconvex, elliptic 
leading edge 

Camber 

none 

Ref. 8 

Ref. 8 

none 

none 

none 

none 

none 

none 

Tvrist, degrees 

0 

Ref. 8 

Ref. 8 

0 

0 

0 

0 

0 

0 

Total area, S, square feet 

4.014 

4.014 

4.014 

2.425 

2.425 

2.430 

2.431 

2.425 

2.425 

Mean aerodynamic chord, c, feet 

, 1.889 

1.889 

I .889 

0 . 9^3 

0.943 

1.199 

0.955 

1.038 

1.038 
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(a) Wing of aspect ratio 3 mounted, on the small body. 
Figure 1.— Models mounted in the 12— foot wind tunnel. 
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(t) Wing of aspect ratio 2 mounted on the large tody. 


Figure 1.— Concluded. 



(a) Wings 1, 2, and 3 , Aspect ratio 2. 


Equation of fuselage ordinates: 






(e) Wings 8 and 9, Aspect ratio 4. 

Figure 2 r Plan view of the models . 
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Lift coefficient, C L 



(o) C/_ VS Cq, Cj_ vs Q! t Cf_ vs Cm 


Figure 3 - The variation of the aerodynamic characteristics with lift coefficient for wing number / at various 

Reynolds numbers. M, 0.25. 
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(b) L/ d vs c l 


Figure 3 -Concluded. 





(a) C/_ vs Cq, Ci_ vs a, Cf_vs Cm 

Figure 4 .- The variation of the aerodynamic characteristics with tiff coefficient for wing number 2 at various 

Reynolds numbers. M, 0.25. 


MCA EM A5IE28 


3Z 


NACA RM A51K28 


17 



lb) L/ D „ s c L 


Figure 4 - Concluded . 
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Drag coefficient, C D Pitching-moment coefficient, C m 

-4 0 4 8 /2 /6 20 24 28 

Angle of attack, a, deg 

(a) Cj_ vs Cq, C/_ vs Ct , Cf_ vs Cm 

Figure 5 The variation of the aerodynamic characteristics with lift coefficient for wing number 3 at various 

Reynolds numbers. M , 0.25. 
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(b) l / d vs C l 


Figure 5 -Concluded. 
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(a) Cj_ VS Cq, vs Ct t C L VS Cm 


Figure 6 - The variation of the aerodynamic characteristics with lift coefficient for wing number 4 at various 

Reynolds numbers . M, 0.25. 
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0 2 A .6 .8 i.O 

Lift coefficient , 

(b) l / d vs 


Figure 6 Concluded . 
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Figure 7 - The variation of the aerodynamic characteristics with lift coefficient for wing number 5 at 

various Reynolds numbers. M, 0.25 . 
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(b) L/p vs c L 


Figure 7 .-Concluded . 
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-4 0 4 8 /2 /6 20 24 28 

Angle of attack, a, deg 

(o) Cj_ VS Cq , C/_VS Ct , Cf_VS Cm 

Figure 8 .-The variation of the aerodynamic characteristics with lift coefficient for wing number 6 at various 

Reynolds numbers. M, 0.25. 
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(b) L/g vs c L 


Figure 8- Concluded. 
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(a) C[_ vs Cq , Cj_ vs Ct, C[_ vs Cm 


Figure 9 - The variation of the aerodynamic characteristics with lift coefficient for wing number 7 at various 

Reynolds numbers. M, 0.25. 
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0 .2 4 .6 .8 10 1.2 

Lift coefficient C L 


(b) l /q vs C l 


Figure 9 . - Concluded . 
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Drag coefficient, Cq Pitching-moment coefficient, C m 

-4 0 4 8 12 16 20 24 28 

Angle of attack, a, deg 

(a) Cf_ vs Cq, Cl vs a, Cl vs Cm 

Figure /Or The variation of the aerodynamic characteristics with lift coefficient for wing number 8 at various 

Reynolds numbers. M, 0.25. 
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(b) l /q vs C l 


Figure /Or Concluded . 
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Figure II r The variation of the aerodynamic characteristics with lift coefficient for wing number 9 at various 

Reynolds numbers. M, 0.25. 
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o .2 .4 .6 .8 1.0 1.2 

Lift coefficient , C L 

(b) L/q vs 


Figure Hr Concluded . 
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(a) C[_ vs Cq, Cf_ vs (2 , C L vs Cm 


Figure 12 .-The variation of the aerodynamic characteristics with lift coefficient for wing number / at 

a Mach number of 0.60. R, 4.9 million. 
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0 .2 4 .6 .8 i.O t.2 

Lift coefficient , C L 

(b) L/q q l 


Figure !2r Concluded . 
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(a) C/_ vs Cq , Cl vs a, Cl vs Cm 

Figure 13 .-The variation of the aerodynamic characteristics with lift coefficient for wing number 2 at 

a Mach number of 0.60. R, 4.9 million. 
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(b) L/p vs C/_ 


Figure ! 3- Concluded. 
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-4 0 4 8 12 16 20 24 

Angle of attack, a, deg 

(a) C L vs Cq, Cj_ vs Q! , Cj_ vs Cm 

Figure 14 .-The variation of the aerodynamic characteristics with lift coefficient for wing number 3 at a 

Mach number of 0.60. R, 4.9 million. 


HACA m A51X28 


MCA EM A5IK28 


37 



(b) L/q vs 


Figure !4r Concluded . 
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(a) Cj_ vs Cq, C l vs <7, C L vs Cm 

Figure 15. -The variation of the aerodynamic characteristics with lift coefficient for wing number 4 at a Mach number 

of 0.60. R, 24 million. 
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Figure !5r Concluded. 
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Drag coefficient, C D Pitching- moment coefficient, C m 

-4 O 4 8 12 16 20 24 28 

Angle of attack, a, deg 

(a) C/_ vs Cq , C L vs a, C[_ vs Cm 

Figure 16 -The variation of the aerodynamic characteristics with lift coefficient for wing number 5 at a Mach number 

of 0.60. R, 24 million. 
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Figure !6.~ Concluded . 
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(a) Cj_ l /S Cq, C l VS a, C[_ VS Cm 

Figure 17 .-The variation of the aerodynamic characteristics with lift coefficient for wing number 6 at a 

Mach number of 0.60. R, 3. / million . 
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(b) l / d vs C l 


Figure J7r Concluded . 
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Drag coefficient, C D Pitching-moment coefficient, C m 

-4 O 4 8 12 16 20 24 28 

Angle of of tack, or, deg 


(a) C[_ vs Cq , C[_ vs O , C/_ vs Cm 

Figure /8 ~ The variation of the aerodynamic characteristics with tiff coefficient for wing number 7 at a 

Mach number of 0.60. R, 2.5 million. 
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Figure id.- Concluded. 
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-4 0 4 8 12 16 20 24 28 

Angle of attack, a, deg 

(a) Cj_ vs Cq, C[_ vs Q! , C L vs Cm 

Figure 19. -The variation of the aerodynamic characteristics with lift coefficient for wing number 8 at a 

Mach number of 0.60. R, 2.7 million. 
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Figure !9r Concluded . 



Lift coefficient, C L 





(a) C[_ /s Cq, Cl vs a, Cl vs Cm 

Figure 20 r The variation of the aerodynamic characteristics with lift coefficient for wing number 9 at a 

Mach number of 0.60. R, 2.7 million. 
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( b) L/q v $ 


Figure 20.- Concluded . 



per deg 
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Reynolds number, RxtO' 6 


(a) ^ vs R 


Figure 2! -Summary of aerodynamic characteristics as a function of Reynolds number . M, 0.25. 
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Figure 2 / Continued. 
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Reynolds number , Rx/O'^ 

// I ,naca 

M ( L/ dLcx vs R 

Figure 2! -C ontinued. 
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2 4 6 8 10 12 14 16 18 20 

Reynolds number, Rx/0~ 6 NACA " 
(a) Aspect ratio , 2.0 

Figure 22 .-A summary of the variation of drag coefficient with 
Reynolds number at several lift coefficients. M , 0.25. 
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(b) Aspect ratio, 3.0 

Figure 22- Continued. 
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Reynolds number, RxiO~ 6 

(c) Aspect ratio, 4.0 



Figure 22 -Concluded . 
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